The complete mitochondrial genome sequence of the Formosan sambar (Rusa unicolor swinhoei) was obtained by DNA sequencing based on PCR fragments amplified by 26 primer pairs designed by ourselves. The results indicated that the mtDNA is 16,505 bp in size. This is the first report on mitochondrial DNA (mtDNA) sequence analysis of the Formosan sambar and the sequence was deposited in the GenBank database under the accession number DQ989636. The complete mitochondrial sequence included the following gene sequences: 12S and 16S rRNAs, 22 tRNAs and 13 protein-coding genes. The base composition of the sequence was as follows: A, 33.51%; T, 28.97%; C, 24.07%; and G, 13.46%. The mitochondrial D-loop region was also analyzed for comparative purposes in the Formosan sambar and 13 other species within the Cervidae family using neighbour-joining method. The phylogenetic tree demonstrated that there are two separate groups, a European type and an Asian type, within the Cervidae family. The D-loop sequences of mtDNA of 24 Formosan sambar animals were compared, and the results showed that the Formosan sambar can be divided into two clades.
Introduction
The Formosan sambar (Rusa unicolor swinhoei), one of the largest herbivores in Taiwan, has a body height of 210-240 cm and a tail length of 15-30 cm. The maximum length of the male sambar is approximately 1.2 m, the female being a little smaller, by about 80 cm. In winter the body is dark brown in colour, with yellow brown spots on the head and ear, while in summer the body lightens to a yellow-brown colour. The fawn has additional patchy body colouring that is not present in the adult. The end of buttock does not have a spot, and the tail hair is long (Jian 2004) . Originally, the sambar inhabited the Central Mountain region of Taiwan, at heights ranging from 300 to 3,500 m. Now, the sambar is mostly raised by farmers and is rarely found in the wild.
The mitochondrial genome has proven to be a highly successful resource for investigation of the evolution and population genetics of animal groups (Harrison 1989) , because the mutation rate for mitochondrial DNA (mtDNA) is 5-10-fold greater than that of nuclear DNA (Brown et al. 1982) . Therefore, sequence variation accumulates relatively rapidly between species. In addition, using pair-wise comparison methods to analyze homologous DNA sequences, the levels of intraand inter-specific variation and hence phylogeny can readily be assessed (Avise et al. 1987) . Furthermore, the sequences of selected fragments of mtDNA, including the D-loop, cytochrome b Cytochrome b, 12S and 16S rRNA and the subunit 4 of NADH have been successfully used to investigate intra-specific relationships within the Muntiacus reevesi micrurus monophyly (Amato et al. 2000; Wang & Lang 2000) .
In the present study, the complete and D-loop region sequences of mtDNA of the Formosan sambar were investigated. We anticipate that this information will form an important reference for the Formosan sambar. 
Material and methods
Animals and DNA extraction Twenty-four animals were sampled from populations of sambar raised by the Livestock Research Institute, Council of Agriculture, Kaohsiung Animal Propagation Station, (LRIKaohsiung) and farms in Taiwan. Ten mL of blood per animal were collected and added to a tube containing anticoagulant (EDTA). DNA was extracted from the blood using a Puregene kit (Gentra System, Quigen, CA, USA) as per the manufacturer's instructions.
Primer design
Twenty-six pairs of nucleotide primers were designed based on the sequence data stored under GenBank (Benson et al. 2011 ) numbers AF211429 for Cervus nippon centralis and AB218689 for Cervus nippon yakushimae. The amplified products obtained using each pair of primers overlapped each other by at least 100 bp.
DNA amplification PCR reactions were carried out in a total volume of 25 µL of PCR mix containing 2.5 µL PCR buffer (10 mM Tris-Cl, 50 mM KCl and 1.5 mM MgCl2), 1 µL dNTPs, 0.5 µL of each forward and reverse primer (10 µM), 0.2 µL Taq (Taq DNA polymerase, 5 U/µL; TaKaRa, Shiga, Japan), 100 ng of DNA and 17.3 µL of ddH2O. The PCR program consisted of a pre-denaturation step at 94
• C for 5 min, followed by 30 amplification cycles consisting of denaturation at 94 
Nucleotide sequencing
The PCR products were purified by spinning the completed PCR reaction through a column to remove unincorporated nucleotides and subsequent separating on 2% agarose gel at 100 V for 30 min. Isolation and purification was then performed using a BioKit extraction kit according to the manufacturer's instructions (Hsinchu, Taiwan). The mtDNA was sequenced using the dideoxynucleotide chain termination method. Purified DNA and the sequencing premix solution (BigDye Terminator Cycle sequencing ready reaction kit; ABI PRISM, CA, USA) were aliquoted into 96-well plates, each well containing 10 µL of reaction mixture, composed of 100 ng DNA, 3.2 µM primer, 2 µL BigDye mixture and H2O. The PCR conditions were as follows: 25 cycles at 96
• C for 10 s, 50
• C for 5 s and 60
• C for 4 min. The PCR products were precipitated using isopropanol, then rinsed in 75% ethanol before sequencing using an ABI PRISM 3730 Genetic Analyzer (ABI PRISM). Sequences were aligned using the Contigs Express Program in Vector NTI Suite 8 (InforMax, Inc., WI, USA). Each sequence had an overlap of at least 100 bp with its neighbour; the longest overlap being about 500 bp long. Sequences were analyzed in both directions for confirmation.
Mitochondrial genome mapping
The Formosan sambar mitochondrial genome map was drawn using Vector NTI 8.0 software (InforMax TM , Inc.).
Phylogenetic analysis
Mitochondrial DNA sequences of the 24 Formosan sambar animals (DQ989636, FJ850126∼FJ850148) were compared with those of other animals, including Cervus nippon yesoensis (AB210267), Cervus nippon centralis (AB211429), Cervus nippon yakushimae (AB218689), Cervus nippon taiouanus (DQ985076), Cervus albirostris (GQ304765), Cervus elaphus (AB245427), Rusa unicolor hainana (GQ304777), Rangifer tarandns (AB245426), Muntiacus reevesi micrurus (EF035447), Capreolus capreolus (Z70318), Alces alces (AF016951), Odocoileus virginianus (EF061657), and Odocoileus hemionus columbianus (AF016952), retrieved from GenBank database (Benson et al. 2011) . Multiple alignments between our sequences and those already available from GenBank were performed using BioEdit 7.0.9 (Hall 1999) and DAMBE software (Data Analysis in Molecular Biology and Evolution, version 4.5.2). These data were then transferred to Fasta files and converted into a readable format using the MEGA5 (Molecular Evolutionary Genetics Analysis, version 5) (Tamura et al. 2011 ) and DAMBE programs. The evolutionary distances were computed using the Kimura 2-parameter substitution model and were in the unit of the number of base substitutions per site. Neighbour-joining and maximum parsimony methods were used to calculate the genetic distances and construct the phylogenetic tree (Saitou and Nei 1987) .
Results
The 26 primer pairs designed for this experiment successfully amplified the full-length mtDNA sequence of the Formosan sambar. This is the first time when the sequence of the Formosan sambar has been analyzed and the sequence deposited in the GenBank (accession number DQ989636). The complete mitochondrial sequence includes the following gene sequences: 12S and The phylogenetic tree demonstrates that these animals can be separated into two groups, the European type and the Asian type.
16S rRNAs, 22 tRNA and 13 protein-coding genes, including NADH subunits 1, 2, 3, 4, 4L, 5 and 6, ATP synthase F0 subunits 6 and 8, cytochrome b, and cytochrome c oxidase subunits 1, 2 and 3 (Fig. 1 , Table 1). The full-length mtDNA sequence of the Formosan sambar is 16,505 bp in length. The base composition of the sequence was as follows: A, 33.51%; T, 28.97%; C, 24.07%; and G, 13.46%. Comparison of the sequence of the complete mitochondrial genome of the Formosan sambar with those of other deer species exhibited that it is phylogenetically closely related to three Japanese sika deer (Cervus nippon centralis, Cervus nippon yesoensis and Cervus nippon yakushimae), as well as to the red deer (Cervus elaphus) (Fig. 2) .
The mitochondrial D-loop region was also analyzed in order to compare the Formosan sambar with 13 other animals within the Cervidae family using the neighbour-joining method. The phylogenetic tree demonstrated that these animals fall into two separate groups, the European type and the Asian type (Fig. 3) .
Phylogenetic analysis of the mtDNA D-loop sequences in 24 Formosan sambar animals, including 7 from commercial farms (GenBank accession numbers: FJ850127-FJ850133) and 17 from the Livestock Research Institute, Council of Agriculture, Kaohsiung An- imal Propagation Station, Taiwan (GenBank accession numbers: DQ989636, FJ840126,FJ850134-FJ850148), was also performed. Rusa unicolor hainana was used as the out-group. The results demonstrated that the Formosan sambar can be divided into two clades (Fig. 4) . They also revealed deer exchange between the commercial farms and the state farm in Kaohsiung area.
Discussion
The mitochondrial genomes of animals normally contain two ribosomal RNAs, 22 transfer RNAs and 13 protein-coding genes related to electron transport and ATP synthesis (Moritz et al. 1987) . All of these sequences are present in the mtDNA of the Formosan sambar (Fig. 1) . Nine of these start codons are coded by ATG and two by ATA. These two initiation codons are normally found in mammals. However, the NADH4L gene of the Formosan sambar begins with a GTG codon, which is rarely seen in mammals, although it has been previously described in pigs and rats (Bibb et al. 1981; Gadaleta et al. 1989; Lin et al. 1999 ). In the Formosan sambar mtDNA, there are eight coding genes ending with the stop codon TAA and one with the termination codon TAG; in contrast, three other mtDNA genes (NADH3 and NADH4 and the one encoding the cytochrome c oxidase subunit 3) had no TAA stop codon. With these kinds of sequences, the message for posttranscriptional polyadenylation may be shortened, indirectly leading to cessation of amino acid translation (Anderson et al. 1982; Gadaleta et al. 1989) . In another gene, Cytb coding for the cytochrome b, we found that the stop codon was AGA (Table 1) .
Cervinae, Muntiacinae, Hydropotinae and Odocoileinae are the subfamilies within the Cervidae family. The Cervinae subfamily contains six genera: Axis, Cervus, Dama, Elaphurus, Megaloceros and Rusa. Rusa unicolor (sambar) has three subspecies: Rusa unicolor hainana, Rusa unicolor cambojensis, and Rusa unicolor swinhoei (according to the taxonomy browser at NCBI; http://www.ncbi.nlm.nih.gov/Taxonomy/). Polziehn & Strobeck (1998) suggested that there are three groups of red deer (Cervus elaphus), one group containing seven sub-species from Europe and North Africa, another including seven sub-species from Asia, and a third one comprising seven sub-species from South-East Asia, Siberia and North America. The red deer (Cervus elaphus) and the Formosan sambar look similar, the red deer (Cervus elaphus) typically weighing 100-200 kg, with an average body length of 165-250 cm and a shoulder height of 120-150 cm (Geist 1982) . The complete mitochondrial sequences of the Formosan sambar and other animals within the Cervidae family (Cervus nippon centralis, Cervus nippon yesoensis, Cervus nippon yakushimae, Cervus nippon taiouanus, Cervus elaphus, Muntiacus reevesi micrurus and Rangifer tarandus) were compared. The results showed that the Formosan sambar is phylogenetically closely related to the Japanese deer (Cervus nippon centralis, Cervus nippon yesoensis, Cervus nippon yakushimae, Cervus nippon taiouanus) as well as to the red deer (Cervus elaphus) (Fig. 2) . The high bootstrap values support the observed clustering.
The mitochondrial D-loop region sequences of the Formosan sambar and 13 other animals within the Cervidae family were compared using the neighbourjoining method. The phylogenetic tree demonstrated that these animals can be separated into two groups, a European type and an Asian type. The Cervidae Odocileus Hemionus columbianus, Odocoileus virginianus, Rangifer tarandns, Capreolus capreolus, and Alces alces are of the European type, while Rusa uni-color swinhoei, Rusa unicolor hainana, Cervus nippon yakushimae, Cervus nippon yesoensis, Cervus nippon centralis, Cervus nippon taiouanus, Cervus albirostris, Cervus elaphus, and Muntiacus reevesi micrurus are of the Asian type. These results also showed that the Formosan sambar is phylogenetically closely related to the Japanese deer (Cervus nippon centralis, Cervus nippon yesoensis, Cervus nippon yakushimae, Cervus nippon taiouanus) as well as to the red deer (Cervus elaphus), and is especially close to the China sambar (Fig. 3) . The genetic distances between the Formosan sambar and 13 other animals within the Cervidae family were calculated based on the sequence variation in the mitochondrial D-loop region. The results demonstrated that the genetic distances between the Formosan sambar and the other animals were less than 0.072 for the Asian-type Cervidae, with the exception of Muntiacus reevesi micrurus (0.137), and greater than 0.161 for the European-type Cervidae. Grubb (1993) indicated that the subfamily Muntiacinae contains two Asian genera: Muntiacus (with nine species of muntjacs) and the monotypic Elaphodus cephalophus (tufted deer); so the Muntiacus reevesi micrurus clustering with the Asian type is unexpected.
Phylogenetic analysis of the mtDNA D-loop sequences in the 24 Formosan sambar animals was also performed. It illustrated that the Formosan sambar can be divided into two clades (Fig. 4) . It also revealed a deer exchange between the commercial farms and the state farm in Kaohsiung area. Sequence comparison among the Formosan sambar showed that one to three units of the tandem repetitive sequence 5'-TATAATAGTACATAAAATTAATGTATTAGGACAT ATCATG-3' were scattered within the 196-315-bp region of the D-loop.
In this paper, the nucleotide sequences of fulllength mtDNA and the D-loop region in the Formosan sambar were analyzed. Comparison of these with previously published data for other animals within the Cervidae family in the GenBank databank was carried out, and the results provide information regarding the phylogenetic relationships within the Cervidae family.
